Introduction
Over the past decade, left/right judgment tasks (LRJTs) have been introduced to the management of various clinical conditions, especially those involving chronic pain.
Typically requiring patients to make speeded judgments as to the laterality of images depicting a single limb segment (e.g. is it a left hand or a right hand that is being presented?), these tasks exploit the finding that they can implicitly elicit motor imagery (Parsons, 2001) .
Evidence that these tasks elicit motor imagery is established with multiple studies dating back over 40 years confirming the finding (Cooper and Shepard, 1975, Sekiyama, 1982) . Perhaps most notably, studies conducted by Parsons (1987b Parsons ( , 1994 show that the laterality of an image depicting a hand is judged by mentally rotating (imagining) one's own corresponding limb moving into the precise position of the one depicted and then comparing the two. Images requiring more awkward movements and longer trajectories to reach have been found to take longer to recognise than those requiring more natural movements and shorter trajectories. This observation gave rise to what Parsons described as "exact match confirmation" (Parsons, 1994; pp. 730 ), a component of the left/right judgment process that is critical to our understanding of the task as one that elicits motor imagery.
Importantly, for those interested in the clinical application of LRJTs, there are a number of studies reporting that patients with chronic pain affecting a limb are selectively slower to recognise images corresponding with the same limb (Schwoebel et al., 2001 , Schwoebel et al., 2002 , Moseley, 2004 . These studies and others investigating LRJT performance in patients with an impaired limb (Reinersmann et al., 2010 , Schmid and Coppieters, 2012 , Fiorio et al., 2006 have served to highlight the clinical utility of LRJTs with them being included as part of imagery-related interventions in rehabilitation 2 programmes (Moseley, 2006 , Johnson et al., 2012 . The implementation of LRJTs into clinical practice has been strengthened further by a publication focusing on the practicalities of using the tasks in practice together with commercially-available tools to aid implementation .
Lately, the use of LRJTs in patient groups has been expanded with the development of neck and trunk-based LRJTs aimed at those with spinal pain (Bray and Moseley, 2011 , Bowering et al., 2014 , Linder et al., 2016 , Pedler et al., 2013 . Typically, images presented to participants in these studies depict a whole body or part of a body which is then manipulated in two ways. Firstly, the trunk or neck of each of these figures is deviated in some way (e.g. lateral flexion, rotation) and it is the direction of this deviation that the participant is required to detect (i.e. is it left or right?). In addition to this, the whole body in the images presented is systematically oriented around one of the body's anatomical planes.
Reports to date suggest studies have been conducted based on the assumption that participants perform motor imagery of trunk (or neck) movements (i.e. rotation, side flexion) in order to make their judgments, in much the same way as the process described above for the hand-based LRJT. For example, Bray and Moseley (2011) refer to how they "modified the left/right limb judgment task to interrogate the working body schema of the trunk" (pp. 168) and the requirement of participants to make a "mental movement to match the posture" (pp. 168) presented. Similarly, Bowering et al. (2014) state, "left/right judgments require a mental movement to match the posture shown in an image" (pp. 1070) consistent with the exact match hypothesis referred to above.
Although the approach to developing images for the intended purpose may appear logical, previous research examining spatial transformation of the whole body suggest that the critical element of imagining trunk movements may be unnecessary. Parsons (1987a) showed that when asked to identify an asymmetrical characteristic (e.g. one outstretched arm) 3 on a whole body figure that has been oriented away from an upright or neutral position, it is typical to imagine one's whole body moving around different axes (also see related work by Zacks and Tversky, 2005) . However, there is no suggestion or evidence that once this mental transformation of one's whole body has been performed that there is any need to imagine the laterally deviated part of the body (e.g. an outstretched left arm) moving to the position depicted in order to solve the task. Rather, in this previous research, it is concluded that once one imagines the whole body in the position of the one shown, the subsequent laterality judgment (i.e. is the left or right arm outstretched?) becomes automatic. That is, this component of the task does not require motor imagery.
It is possible that the process of undertaking trunk and neck LRJTs may follow a very similar process. Accordingly, people may imagine their whole body moving to the position of the one depicted, but once this is completed, the judgment as to whether the back or neck is deviated to the left or right becomes automatic. This is critical because the potential clinical utility of these tasks is based on their ability to elicit motor imagery of lateral trunk or neck movements, rather than motor imagery of the whole body in space. At the very least, trunk-based LRJTs presented in studies to date appear to confound the relative contribution of the requirement to perform a mental transformation of the whole body with the requirement to make a judgment regarding the lateralised trunk posture presented (Punt, 2017) .
It is interesting that some studies investigating trunk and neck-based LRJTs in patients with chronic back and neck pain have failed to show any difficulties in completing the task in comparison with control participants, as would be predicted if motor imagery of lateralised movements was involved (Pedler et al., 2013 , Linder et al., 2016 . If the task required participants with back pain to simulate lateral movements of the trunk, then one might expect slower response times (RTs) consistent with the relative difficulty in executing the corresponding movements. While some studies have suggested difficulties (Bray and Moseley, 2011, Bowering et al., 2014) , the general deterioration in accuracy reported for the trunk-based images (with no difference in response time) do not appear as persuasive of a deficit in motor imagery as the selectively disrupted performance that has been reported for patients with chronic limb pain on limb-based LRJTs (Schwoebel et al., 2001 , Schwoebel et al., 2002 , Moseley, 2004 .
The aim of the present study was to investigate whether data from a trunk-based LRJT typical of those being used in clinical studies, were consistent with the principle of exact match confirmation and therefore indicative of motor imagery being elicited. Accordingly, we asked unimpaired and pain-free participants to make speeded judgments to images depicting whole body figures in positions of trunk lateral flexion or rotation. Critically, in addition to manipulating the degree of whole body rotation, we manipulated the extent or amplitude of the trunk movements depicted. As with limb-based LRJTs, if the important principle of exact match confirmation was adhered to, then images depicting deviations of the trunk that are further away from neutral (i.e. large amplitudes) should take longer to recognise (i.e. have slower RTs) than images depicting deviations of the trunk that are closer to neutral (i.e. these should require faster RTs).
Methods

Participants
Twenty nine young (mean age = 24.4 (3.5) years), unimpaired individuals (10 males) participated in the experiment. A formal sample size calculation was not undertaken but our sample was either similar or larger than other studies investigating LRJT performance with multiple factors (e.g. Parsons, 1987a , Zacks et al., 2002 , Lenggenhager et al., 2008 . All participants were unimpaired students at the University of Birmingham and were screened to ensure they were free from pain. The study was approved by the University of Birmingham's Science, Technology, Engineering and Mathematics Ethical Review Committee. Participants provided written informed consent prior to taking part.
Stimuli
Digitised images were created of complete three-dimensional human figures using Poser 10 software (my.smithmicro.com). These figures aimed to be similar to those used in recent studies exploring trunk-based LRJTs in patients with low back pain (Bowering et al., 2014 , Bray and Moseley, 2011 , Linder et al., 2016 . Once the initial image had been created Additionally, the extent (amplitude) of each of these postures was also systematically varied, the figure's posture deviating to either a small, medium or large degree. In total, there were therefore 264 different images. Representative images presented in the experiment are shown in Figure 1 . table, between the monitor and the participant, though not obscuring vision, a microphone was mounted in order to collect verbal responses.
The experiment was controlled using customised software (E-Prime 2.0, www.pstnet.com). Stimuli (see above) were presented one at a time in the middle of a monitor. A centrally placed fixation cross preceded each stimulus and appeared on the screen for a random period between 950msec and 1450msec. Participants were required to make speeded judgments as to whether the trunk of each figure viewed was bent/twisted to the left or right; a two-alternative forced choice decision, typical in LRJTs. Participants responded by saying "left" or "right", and the software logged each RT via the microphone. The experimenter subsequently logged the direction of the response (i.e. left or right) by pressing one of two keys on a keyboard; this input triggered the following trial. Verbal responses are common in LRJT studies (e.g. Nico et al., 2004 , Ionta et al., 2007 and research suggests that this response mode avoids small biases that can be introduced with manual responses (Cocksworth and Punt, 2013) .
Every participant completed two experimental blocks, each block containing all 264 images (528 images in total). Images within each block were presented in a randomised order. There was a short break between the two experimental blocks. Prior to completing the two experimental blocks, participants completed a practice block containing 12 randomly selected images from the bank of 264 to familiarise themselves with the protocol, and to allow any misunderstandings to be eliminated..
Data analysis
The experiment generated accuracy and RT data and these were analysed independently. Accuracy was logged for each trial (correct = 1, incorrect = 0) with mean accuracy calculated within each individual for each condition. Mean accuracy was expressed as a figure between zero and one. Response time was the latency in milliseconds (msec) between stimulus onset and verbal response. Mean RT was calculated for each individual and for each factor of interest. However, only accurate responses were included in the RT analysis and RTs were filtered, removing those that fell outside 500-3500msec (Ionta et al., 2012, Cocksworth and Punt, 2013) .
Where data displayed signs of skew and kurtosis, they were log transformed prior to analysis. Accuracy and RT data were subsequently analysed via two separate analyses of variance (ANOVA) with repeated measures. We were interested in the effect of whole body orientation on performance as well as the axis of this orientation. Accordingly, Orientation (0° vs. 45° vs. 90° vs. 135° vs 180°) and Axis (X vs. Y vs. Z) were entered as factors in the analyses.
Importantly, we were also interested in whether the extent or amplitude of the lateral trunk movement had an effect on these data, consistent with the exact match confirmation hypothesis. Accordingly, Amplitude was entered for analysis with three levels (small vs. medium vs. large). This resulted in two separate 5x3x3 ANOVAs being conducted.
Results
Accuracy
Accuracy for two participants was below 75% and their data were excluded from analysis. The ANOVA revealed a significant main effect of Orientation (F(4,104)=24.54, p<0.001). Accuracy was highest for images presented at 0⁰ (mean = 0.98, SD = 0.02) and became progressively less accurate as images were orientated away from this position with the lowest accuracy occurring at 180⁰ (mean = 0.83, SD = 0.13). There was a significant main effect of Axis (F(2,52)=8.41, p<0.005). Accuracy was significantly lower for images orientated in the X axis (mean = 0.89, SD = 0.08) than the other two axes (Y: mean = 0.94, SD = 0.05; Z: mean = 0.93, SD = 0.05, p<0.05 for both). The different amplitudes of trunk movement shown in the images also led to significant differences in accuracy (F(2,52)=7.17, p<0.005). Accuracy was lowest for images depicting a small amplitude (mean = 0.90, SD = 0.05) than the other two amplitudes (medium: mean = 0.92, SD = 0.05; large: mean = 0.92, SD = 0.05; p=0.96 for both). There was no difference in the accuracy of responses for images depicting medium or large amplitudes; see Figure 2 (left panel). There was also an Axis x Orientation interaction (F(8,208)=6.77, p<0.001). As can be seen in Figure 3 (left panel), the reduced accuracy associated with images as they deviated away from 0⁰ was not uniform for the different axes. At 45⁰, accuracy was comparable for all axes, but at 90⁰, differences began to emerge with accuracy for each axis different from the other (p<0.05); whereas at 135⁰, accuracy for the Y and Z axes were comparable and responses were more accurate than for the X axis (p<0.05). At 180⁰, accuracy was significantly reduced for images showing whole body orientations around the X and Z axes compared with those around the Y axis (p<0.05).
Figure 2
Response times
The removal of responses from the analysis faster than 500msec or slower than 3500msec resulted in the loss of 2.3% of the total number of accurate trials. Responses were fastest for images presented at 0⁰ (mean = 832msec, SD = 207msec) and became progressively slower as images were rotated with the slowest responses at 180⁰ (mean = 1328msec, SD = 375msec). This led to a significant main effect for Orientation 9 (F(4,104)=94.66, p<0.001). There was also a main effect of Axis (F(2,52)=21.80, p<0.001), with responses slower for images presented in the X axis (mean = 1094msec, SD = 279msec) than the other two axes (Y: mean = 1000msec, SD = 274msec; Z: mean = 1024, SD = 263msec; p<0.001 for both). There was no significant difference in RTs for images presented in the Y and Z axes (p=0.07).
The different amplitudes of movement presented also differed reliably leading to a significant main effect for Amplitude (F(2,52)=15.1, p <0.001). Importantly, responses were faster for images showing medium (mean = 1024msec, SD = 268msec) and large (mean = 1019msec, SD = 269msec) amplitudes than for images showing small amplitudes (mean = 1075msec, SD = 276msec; p<0.005 for both); see Figure 2 (right panel). Responses to images showing medium and large amplitudes were statistically comparable (p=0.58). There was an Axis x Orientation interaction (F(8,208)=15.86, p<0.001). As can be seen in Figure 3 (right panel), as whole body orientation became more rotated and deviated away from 0⁰, responses were not uniformly slower for the different axes. While RTs were comparable across axes at 45⁰ (P=0.8), at 90⁰ and 135⁰ they were significantly slower for the X axis than the other two axes (p<0.01 for both). At 180⁰, RTs were comparable for the different axes (p=0.07). There were no other interactions for RT data.
Figure 3
Discussion
It has been suggested that trunk-based LRJTs elicit motor imagery of lateralised trunk movements (e.g. side flexion, rotation) offering potential value as an assessment and intervention in clinical practice for patients with back pain (Bray and Moseley, 2011, Bowering et al., 2014) . Although the ability of limb-based LRJTs to elicit motor imagery of limb movements is established (Cooper and Shepard, 1975 , Sekiyama, 1982 , Parsons, 1987b , the introduction of trunk-based LRJTs into clinical practice has been based on an assumption that they elicit motor imagery of lateralised trunk movements (Bray and Moseley, 2011) . To date, this assumption has not been tested using methods previously used to demonstrate the ability of limb-based LRJTs to elicit motor imagery (Sekiyama, 1982 , Parsons, 1987b , Parsons, 1994 . For the first time, this study aimed to investigate whether data (accuracy and RT) from a trunk-based LRJT are indicative of motor imagery in unimpaired and pain-free participants.
In order to address this issue, participants were asked to make speeded left/right judgments of images depicting whole bodies, each with the trunk bent or turned to the left or right, typical of images used in trunk-based LRJT images used in clinical studies to date. If the task required individuals to imagine moving into the various positions presented (i.e. using motor imagery), then images depicting larger amplitudes of movement should have resulted in longer RTs than those depicting smaller amplitudes of movement. Such a finding would be entirely consistent with a key principle of motor imagery; that of temporal regularity between the physical and mental performance of an action (Decety et al., 1989) .
This principle has been central to the argument that limb-based LRJTs elicit motor imagery and is the basis for the exact match confirmation hypothesis (Parsons, 1994) .
However, our data do not support such a process. Rather, images depicting larger amplitudes of movement resulted in markedly faster RTs than those depicting smaller amplitudes, a situation that is entirely inconsistent with participants imagining themselves moving into the positions shown. Further, accuracy for images showing larger amplitudes of trunk movement was greater than for images depicting smaller amplitudes of movement, demonstrating that the results could not have arisen due to a speed-accuracy trade-off. Accordingly, the amplitude effects are inconsistent with the exact match confirmation hypothesis and suggest participants did not imagine moving their trunk into the positions presented.
Given this finding, it is important to consider how individuals do solve the task. Data presented here are in line with a previous study relating to left/right judgments involving images where the whole body is rotated around different axes (Parsons, 1987a) . For example, RTs for images increased incrementally as they depicted the whole body deviating away from a neutral standing position, leading to the orientation effects reported. It was also clear that orientation around different axes presented variable levels of difficulty for participants. For example, orientation around the X axis presented the greatest challenge.
In the Parsons (1987a) study, images of whole bodies were presented with a single outstretched arm and the left/right judgment that participants were asked to make was to identify which arm was outstretched. Other studies exploring the spatial transformation of the whole body take a similar approach; figures in the images used having either an outstretched arm or simply have one limb presented in a different colour (Lenggenhager et al., 2008, van Elk and Blanke, 2014) . These studies report similar findings and are broadly supportive of individuals imagining their whole body moving to the orientation depicted.
However, there is no suggestion that participants imagine their own limb moving to the position depicted in these studies. Rather, it is understood that once participants have imagined their whole body moving to the orientation depicted, the subsequent left/right judgment (i.e. which arm is raised or which hand is a different colour?) is a relatively straightforward and automatic decision. As Parsons (1987a) explains, when viewing the body in an upright position, "it was obvious which arm was outstretched" (pp. 175).
Similarly, data presented in this study suggest a comparable process; i.e. once participants had imagined their whole body oriented to the position shown, the decision as to whether the trunk was turned or bent to the left or right was a relatively simple and automatic process, not requiring any motor simulation. Indeed, the finding of faster RTs (and greater accuracy) for images depicting large amplitudes suggests it was the salience of visual cues depicting asymmetry that was the critical factor for this component of the task.
Although this study suggests that trunk-based LRJTs do not elicit motor imagery of trunk movements, it must be remembered that some previous studies have indicated that individuals with back pain can demonstrate difficulties with the task. For example, poorer performance (decreased accuracy) on trunk-based LRJTs was reported by Bray and Moseley (2011) and Bowering et al. (2014) . However, unimpaired performance on the task in individuals with back pain on the same task has also been reported (Linder et al., 2016) .
Nevertheless, findings of difficulties remain interesting and it is important that future research aims to identify the underlying reasons for any performance deficits reported.
Findings in this study suggest it is unlikely that poorer performance is mediated by an inability to perform motor imagery of lateralised trunk movements, even though this may be impaired in chronic back pain sufferers. However, as this study only included pain-free participants, it is not possible to shed further light on this issue.
The study reported here was conducted in a laboratory setting with young, unimpaired participants. Procedure allowed for millisecond precision of timing and carefully controlled conditions ensured participant understanding and consistent engagement with the task. While there are obvious strengths with this approach, there are limitations in maintaining such conditions in more real world settings. In contrast, the emergence of online tools for LRJTs has been a significant innovation and has facilitated the much wider use of the tasks in practice and research, and should be welcomed. However, online tools can suffer from timing inaccuracies (Schmidt, 2001) . Additionally, one has to balance the advantages that online tools can bring such as the ability to reach large groups of participants 13 with the reduced control of important factors (e.g. understanding, engagement, environment) that one often must accept with such studies.
The introduction of trunk-based LRJTs into clinical practice was based on the assumption that the task elicits motor imagery of lateralised trunk movements. For individuals with back pain who may have chronic difficulties in making lateralised movements of the trunk with related cortical reorganisation (Flor et al., 1997 , Tsao et al., 2008 , the possibility of implicitly eliciting the simulation of such movements and associated neural activity is clearly attractive and would presumably have therapeutic value. However, findings presented here strongly suggest that the task does not elicit such motor imagery. The ability of the task to elicit whole body transformations (motor imagery) should not be confused with its apparent failure to elicit motor imagery of lateralised trunk movements; it is the latter that would have therapeutic value in individuals with chronic back pain. 
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